Enhancing grid system performance by integrating compressed air energy storage by Hasan, Nor Shahida
ENHANCING GRID SYSTEM PERFORMANCE BY INTEGRATING 


























ENHANCING GRID SYSTEM PERFORMANCE BY INTEGRATING 
COMPRESSED AIR ENERGY STORAGE  
NOR SHAHIDA BINTI HASAN 
A thesis submitted in fulfilment of the 
requirements for the award of the degree of 
Master of Engineering (Electrical) 
Faculty of Electrical Engineering 






















Dedicated to  
 








Alhamdulillah. Thanks to the Almighty Allah S.W.T, for His blessings and 
guidance for giving me inspiration and strengths to complete this project.   
I would like to express my special appreciation and thanks to my supervisor, 
Assoc. Prof. Dr. Mohammad Yusri bin Hassan, who have been a tremendous mentor 
for me.  Your advices on both researches as well as on my career have been priceless.  
A bunch of gratitude for incredibly terrific assistance comments and supports from 
my co-supervisor Mr.Wan Zaidi B.Wan Omar and my former supervisor Ir. Assoc. 
Prof Md Shah B. Majid.  Thank you for encouraging my research and invaluable 
help in the progression of this project.  Not to forget Dr. Hasimah Abd Rahman and 
other CEES communities for encouragement, financial and experience that I am sure 
can’t do without it. 
Bouquets of immortal love go to my supportive parents (Mr. Hasan and Mrs. 
Tuan Nab) and kinfolk’s members for their endless prayer for my triumph, mental 
and financial support. Special thanks to my sister for proofreading this 
acknowledgement. 
To my very own brilliant cliques Suhaila, Nurehan, Najaatol, Amira, Noraini, 
and Erlyane, thank you for being my supporting pillar and stand tall and strong with 
me throughout these years. Also thank to Mr. Kyairulazmi and Dzulhafizi for 
proofreading my thesis.  
Last but not least, my sincere obligation goes to administrative staffs at 
Faculty of Electrical Engineering, Research Management Centre (RMC), UTM, and 
others who have provided assistance at various occasions. Their assessments and tips 









Wind energy is a boundless renewable energy which can be tapped 
continuously.  It is clean and free energy making it incomparable with conventional 
fossil fuels.  However, high stochastic nature of the wind the electric power 
generated affects the power quality of grid system.  Compressed Air Energy Storage 
(CAES) is a mature energy storage technology in handling wind fluctuation problems 
such that the generated energy would be supplied to the grid without affecting the 
grid performance.  Its large scale capacity storage, long storage period, fast ramp 
rates and low capital cost has made it as the best choice to be tagged to wind turbine 
in dispatching wind power.  But, operating system of existing CAES is more to 
economic benefit, in which it will only discharge during high electricity cost and 
charge during low electricity cost.  This thesis proposes a parallel connection of 
CAES with wind turbine where it can promise continuous supply to grid system with 
low power consumption during charging process.  The first connection is to connect 
the wind turbine, drive train, compressors, tank, turbine and generator. While the 
other one is bypassing the direct connection of drive train, (wind turbine to 
compressor on a shaft and compressed air turbine to generator on another shaft).  
Derivation of mass flow rates leaving the tank is based on single stage expansion 
process.  Analysis was carried out using MATLAB simulink to prove the 
effectiveness of the storage to react to the changes of wind speed, in which the 
results were focussed on the grid’s voltage and active power.  The results show that 
the proposed connection of wind CAES does not only able to smooth out wind power 
fluctuations but it also provides continuous power to supply the grid system 
compared to Battery Energy Storage.  Moreover, its consumed lower power during 








Tenaga angin adalah tenaga yang tidak mempunyai had dimana ia boleh 
dialirkan secara berterusan.  Ia bersih dan percuma oleh itu tidak dapat dibandingkan 
dengan tenaga minyak fosil konvensional.  Tetapi, sifat tenaga angin yang berubah-
ubah memberi kesan besar kepada kualiti kuasa elektrik di dalam sistem grid. 
Simpanan Tenaga Angin Termampat (CAES) adalah satu sistem simpanan tenaga 
yang cukup matang yang boleh menyelesaikan masalah angin yang berubah-ubah 
dimana tenaga yang dihasilkan akan dibekalkan ke grid tanpa member kesan 
terhadap prestasi grid.  Saiznya yang besar, tempoh penyimpanan tenaga yang lama, 
kadar tindak balas yang cepat dan kos utama yang rendah telah menjadikannya 
pilihan yang baik untuk disambungkan dengan kincir angin untuk penghantaran 
kuasa angin.  Walau bagaimanapun, sistem operasi CAES yang sedia ada adalah 
lebih kepada keuntungan ekonomi, dimana ia hanya akan dinyahcas ketika harga 
elektrik yang tinggi dan cas ketika harga elektrik rendah.  Tesis ini memperkenalkan 
sambungan kincir angin dengan CAES secara selari dimana ia dapat menjanjikan 
sumber yang berterusan ke sistem grid dengan memerlukan kuasa yang rendah ketika 
proses mengecas.  Sambungan pertama adalah meyambungkan kincir angin secara 
sambungan terus drive train atau sambungan kompresor, tangki, turbin dan 
janakuasa dengan kincir angin dengan satu gandar.  Sementara itu, sambungan yang 
berikutnya adalah pintasan gandar (kincir ke kompressor di satu gandar, dan turbin 
udara mampat ke janakuasa di satu gandar lain).  Pemerolehan kadar jisim yang 
meninggalkan tangki adalah berdasarkan sistem turbin satu tahap yang diperkenalkan 
dalam tesis ini.  Analisis telah dijalankan menggunakan MATLAB Simulink untuk 
membuktikan keberkesanan penyimpanan tenaga untuk bertindak kepada perubahan 
kelajuan angin, dimana voltan dan kuasa menjadi keputusan utama dalam analisis ini.  
Keputusan menunjukkan, sambungan kincir angin dengan CAES yang diperkenalkan 
bukan sahaja mampu melicinkan kuasa angin yang berubah-ubah tetapi juga 
membekalkan kuasa yang berterusan ke sistem grid berbanding Tenaga Simpan 
Bateri.  Tambahan pula, ia menggunakan kuasa yang lebih rendah berbanding sistem 
CAES sedia ada.  
 
